Abstract-The paper reports scanning electron microscopy (FEG SEM) and transmission electron micros copy (TEM) data on three cryptocrystalline (CC) cosmic spherules of chondritic composition (Mg/Si ≈ 1) from two collections taken up at glaciers at the Novaya Zemlya and in the area of the Tunguska event. The spherules show "brickwork" microtextures formed by minute parallel olivine crystals set in glass of pyroxeneplagioclase composition. The bulk rock silicate chemistry, microtexture, mineralogy, and the chemical com position of the olivine and the local chemistry of the glass in these spherules testify to a chondritic source of the spherules. The solidification of the spherules in the Earth's atmosphere was proved to be a highly unequil ibrated process. A metastable state of the material follows, for example, from the occurrence of numerous nanometer sized SiO 2 globules in the interstitial glass. These globules were formed by liquid immiscibility in the pyroxene-SiO 2 system. Troilite FeS and schreibersite (Fe,Ni) 3 P globules were found in the FeNi metal in one of the spherules, which suggests that the precursor was not chemically modified when melted in the Earth's atmosphere. Our results allowed us to estimate the mineralogy of the precursor material and correlate the CC spherules with the chondrule material of chondrites. The bulk compositions of the spherules are closely similar to those of type IIA chondrules.
INTRODUCTION
Cosmic spherules (CS) are rounded objects pro duced by the melting particles of extraterrestrial mate rial when they entered the Earth's atmosphere (Genge et al., 2008) . The spherules range from 30 μm to 1-1.5 mm and consist of silicate material, often with mag netite, or are occasionally silicate in composition and contain metal inclusions. Some of the spherules are "iron" and are made up of Ni bearing magnetite and wustite and often contain Fe-Ni metal cores. A cosmic origin of the spherules follows from their Ni and Ir con centrations (Brownlee et al., 1984) , their oxygen isoto pic composition (Clayton et al., 1986; Taylor et al., 2005; Yada et al., 2005; Engrand et al., 1998) , the pres ence of taenite and/or kamacite, and from similarities between their composition and those of chondrites (except only very rare eucrite CS). For example, the bulk composition of most of the silicate spherules define a clear cut compositional trend in the Mg-Fe-Si dia gram, with this trend showing a typical "solar" Mg/Si ratio close to 1, which is typical of chondrites. Repre sentative collections of CS were gathered at Antarctic ice cap (Maurette, 1991; Rochette et al., 2008; Taylor et al., 1991 Taylor et al., , 2000 Yada and Kojima, 2000) and com posed by separating the material from oceanic sedi ments (Brownlee, 1979; Blanchard et al., 1980; Parashar et al., 2010) . Cosmic spherules are usually thought to be produced via melting micrometeoroids upon their high velocity entry in the Earth's atmo sphere and deceleration in it (Love and Brownlee, 1991) .
The chemical transformation of the precursor at a high velocity atmospheric entry of the micrometeorite and its collision with gas molecules can be associated with vaporization of volatile (S, P, CO, CH 4 , CO 2 , H 2 O, etc.) and mildly volatile (Fe, Mg, and Si) elements and their compounds and with redox reactions changing the valence of Fe (Brownlee et al., 1997; Taylor et al., 2005; Cordier et al., 2011) . In interpreting data on the com position of cosmic spherules, it is important to under stand as to how much the chemical composition of the spherules and variations in this composition reflect the chemistry of the solid precursors (micrometeorites) and how much the compositional variations may be indica tive of changes in the composition of the solid precur sors during their melting in the Earth's atmosphere.
According to the type of their microstructures, sili cate CS (Fig. 1 ) are classified into porphyritic (PO), barred (BO), cryprocrystalline (CC), and glassy (GS) (Blanchard et al., 1980 to micrometeorite deceleration in the atmosphere increases from PO to GS. The cryptocrystalline spher ules are ovoid and/or spindly in shape and are made up of submicrometer sized crystallites set in a glass matrix. They compose approximately 12% of the total number of silicate spherules in SPWW of the Antarctic collec tion (Taylor et al., 2000) . The microtexture, mineralogy, and local chemistry of the silicate material of the cryp tocrystalline spherules containing crystallites that can not be examined by SEM due to their small size are studied still much more poorly than those in the spher ules of other types.
This publication presents our SEM and TEM data on three cryptocrystalline (CC) cosmic spherules of chondritic composition (Mg/Si ≈ 1) from two collec tions taken up in the ice cap of the Novaya Zemlya (Badjukov and Raitala, 2003) and separated from soil samples from the area of the Tunuska event (Badyukov et al., 2011) .
MATERIALS AND METHODS
Cosmic spherules from the Novaya Zemlya Archi pelago were collected in the marginal part of the Novaya Zemlya ice cap (Badjukov and Raitala, 2003; Badjukov et al., 2010) . Samples of solid sediment on ice (cryoco nite) were washed to get rid of the clay constituent and subjected to magnetic separation. The Tunguska mate rial was collected by A.V. Ivanov in 1960 via separating spherules from the uppermost soil layer in the terrace above the flood plain of the Chunya River near the epi centrum of the Tunguska event (Badyukov et al., 2011) .
The CS were hand picked from the enriched sam ples under a binocular microscope to prepare polished sections with CS. The polished sections were then examined under a JEOL JSM 6400 analytical scanning electron microscope and JEOL JXA 8200 X ray micro probe at the University of Oulu in Finland. The bulk composition of the spherules was analyzed by SEM equipped with an EDS via scanning selected areas and via local microprobe analyses at 15 kV accelerating volt age and 10 nA beam current. In the latter instance, a beam defocused to 20 μm in diameter was employed, and each spherule was analyzed at three to six spots. The analyzer was calibrated on certified elemental, oxide, and silicate standard reference samples, with the date corrected using the ZAF JEOL proprietary software. Major elements were analyzed accurate to ~2% at a detection threshold of 0.02 wt %.
The material selected for our TEM study was three cryptocrystalline spherules: two from Novaya Zemlya (spherules NZ8 bn4 25,9 and bn3 3 40) and one from the Tunguska area (spherule T3 2). A metal droplet 100 μm 100 μm 100 μm 100 μm 100 μm 100 μm shaped incomplete sphere approximately 60 μm in diameter ( Fig. 2a) was detected on the surface of spher ule T3 2. A pit on the surface of spherule NZ8 bn4 25,9 has a shape of hemisphere and does not contain any metal (Fig. 2b ). Spherule bn3 3 40 is free of metal, and its surface has no concave pits (Fig. 2c) . Our TEM samples were prepared in the form of FIB foil cut out of the thin section perpendicular to its plane or to the spherule surface. The study was carried out at the Geo ForschungZentrum in Potsdam, Germany, at an accel erating voltage of 200 kV at a TECNAI F20 XT equipped with a field emission gun (FEG), high angle annular dark field (HAADF) detector, energy dispersive analyzer of X ray (EDAX), and a Gatan imaging filter (GIF) Tridiem. The technical potentialities of the equipment make it possible to obtain bright field (BF), dark field (DF), bright field/dark field (BFDF), and high angle annular (HAADF) images; to conduct chemical analyses at spots and via scanning; to shoot concentration profiles and carry out elemental map ping; and to obtain high resolution electron diffraction imagery.
RESULTS
The spherules are ellipsoidal or spindle shaped (Fig. 2) , and their sizes are ≈130 × 200 μm (spherule T3 2), ~100 μm (spherule NZ8 bn4 25,9), and ~50 × 70 μm (spherule bn3 3 40). The bulk chemical compo sitions of spherules T3 2 and bn3 3 40 are reported in Table 1 , and spherule NZ8 bn4 25,9 has not been stud ied by either microprobe and SEM techniques and its bulk composition was not determined.
The three cryprocrystalline spherules have brick work type structures, which are formed by similarly ori ented olivine crystals in silica rich glass of pyroxeneplagioclase composition (Fig. 2) . The size of the olivine crystals is ~0.5 × 1.5 μm (spherule T3 2), ~0.9 × 2 μm (spherule NZ8 bn4 25,9), and ~0.7 × 4.5 μm (spherule bn3 3 40). The olivine crystals (of roughly equal size) are elongate along [010] , subparallel to one another within the spherule, and thus form brickwork resem bling structures (with "brick" rows parallel to [010] of the olivine crystals) set in glass. The crystals are rounded in cross section. The spherules contain 60-70 vol % olivine. The interstitial glass between olivine crystals abounds in variably sized globules approxi mately 100 nm across (Figs. 3a, 3b) , whose composition corresponds to almost pure SiO 2 (Fig. 3c ). The SiO 2 globules decorate the faces of olivine crystals and make them look like corroded. Along with SiO 2 globules, the glass contains chromite dendrites (Fig. 4) . In spherule bn3 3 40, vermicular aggregates of nanometer sized chromite occur in glass at boundaries of olivine crystals. In spherules T3 2 and CS NZ8 bn4 25,9, chromite has never been found in contact with olivine, and chromite aggregates are hosted in glass of plagioclase composi tion (Fig. 4) .
The chemical composition of the olivine and inter stitial glass of the spherules is shown in Table 1 . The oli vine is merely weakly zoned: Fo 70-76 . The interstitial glass is of pyroxene-plagioclase composition, but con tains excess SiO 2 relative to this system. The chemical composition of olivine and interstitial glass and the bulk composition of spherule bn3 3 40, recalculated to
10 μm 10 μm 10 μm The droplet shaped metal phase on the surface of spherule T3 2 has the composition of kamacite Fe 0.894 Ni 0.103 . BSE images of this thin section show that the kamacite contains ovoid inclusions approximately 3 μm across (Fig. 6a) . The inclusions contain Fe, Ni, S, and P. The compositional mapping, spot analyses, and compositional profiling on TEM reveal the complicated compositional heterogeneity of the ovoid inclusions. They consist of a spherical cores (0.75 μm in diameter), which contain Fe, Ni, and S (Fig. 6b) , and outer rims, which contain Fe, Ni, and P (Fig. 6c) , suggesting that the material consists of two phases. Chemical analyses testify that the cores of the inclusions are made up of a practically exactly equimolar mixture of troilite FeS and Fe-Ni alloy of taenite Fe 0.81 Ni 0.19 composition. The phosphide rims are composed of eutectic mixture of nanometer sized phases of schreibersite (Fe, Ni) 3 P and Fe-Ni alloy. The boundary between the core and rim and between the rim and the host kamacite matrix are clearly distinguishable in P and S concentration pro files. The proportion of the phosphide and metal phases in the phosphide rim systematically varies, thus suggest ing an increase in the P concentration and decrease in that of Ni from the inner to outer boundaries of the rim (Table 2) .
DISCUSSION

Mineralogical Precursors and Unequilibrated Crystallization in the Spherules
The bulk compositions of the cryptocrystalline spherules minus the plagioclase-wollastonite compo nent plot within the stability field of the olivine + pyrox ene phase association. Data on the inner structure of the spherules and the chemical composition of their inter stitial glass suggest that crystallization in the course of solidification of the spherules was a highly unequili brated process. An unequilibrated character of olivine crystallization follows from the following chemical, phase, and structural features of the spherules: (1) the absence of pyroxene and a volumetric proportion of oli vine (~70%) to glass corresponding to a normative oli vine/glass ratio of approximately 2 : 1 (while equilib rium olivine and pyroxene association at this bulk com position corresponds to a normative olivine/pyroxene ratio of ~0.45); (2) the absence of pyroxene in the crys tallization products, the silica rich composition of the glass with atomic ratios Si/(Mg + Fe) > 1; (3) numerous nanometer sized SiO 2 globules in the glass; and (4) a high Mg partition coefficient between the olivine and (1*) Analysis near the boundary of inclusion margin and its sul fide core, (2*) analysis near the boundary of inclusion margin and host metal, bdl means concentrations below the detection limits.
glass: Mg Ol : Mg Gl = 6.3. These features should have been predetermined, first of all, by high cooling rates of the melt during passage through the Earth's atmo sphere. Note that the porphyritic and barred microtex tures of the spherules were reproduced in experiments by cooling melt droplets during times spans of a few sec onds (Gondo and Isobe, 2013) . The cryptocrystalline spherules should have been produced at even faster cooling. At this very rapid quenching, olivine forms the cryptocrystalline structure of the spherules, and pyrox ene has not enough time to crystallize. Experiments in the MgO-SiO 2 system (Kirkpatrick et al., 1983) have demonstrated that melt containing 59 wt % SiO 2 can crystallize only olivine even at relatively low cooling rates of 0.4-25°/min, and no pyroxene nucleates. The behavior of the system is defined as metastable crystal lization from supercooled melt. Quenching explains the volumetric proportions of olivine and glass in the spher ules, which seem to indicate that olivine continued to crystallize in the stability field of pyroxene aOl
glass. Nanometer sized SiO 2 globules in the interstitial glass of the spherules (Fig. 3) were produced by nanometer scale liquid immiscibility and testify to the well known phenomenon of liquid immiscibility in the Px-SiO 2 system (Chen and Pre snall, 1975) . Liquid immiscibility in oxide and silicate glasses was observed in oxide and silicate glasses pro duced by melt quenching at temperatures below the binodal and spinodal (Galakhov, 1964; Andreev et al., 1974; Kirillova et al., 2012; Veksler et al., 2008) .
The Mg 2 SiO 4 -SiO 2 equilibrium melting diagram involves peritectic and eutectic points (Fig. 7) . The melting of pyroxene is incongruent according to the peritectic reaction pyroxene = olivine + (Px + SiO 2 ) рmelt (Chen and Presnall, 1975; Dalton and Pre snall, 1997; Kirkpatrick et al., 1983) . In the high tem perature region of the right hand part of the olivineSiO 2 diagram, a dome of liquid immiscibly (binodal) occurs between pyroxene and SiO 2 (Fig. 7) .
Note that the equilibrium crystallization of Fe-Mg olivine-pyroxene melt at decreasing temperature pro duces olivine, and the composition of the equilibrium melt is thereby enriched in Fe and SiO 2 . Olivine crystal lization terminates when the peritectic temperature is reached, with high Fe pyroxene starting to crystallize below it, and the melt continuing to enrich in SiO 2 . As the temperature decreases, olivine partly dissolves, reacts with the residual melt, and forms pyroxene. The solidification process terminates at the eutectic point with the origin of the olivine + pyroxene two phase association.
Considering the scenario of metastable behavior of the system (Fig. 7) , we assume that the olivine liquidus can has a metastable continuation, as also do the bin odal and spinodal curves of liquid immiscibility, in the low temperature region of the olivine-SiO 2 diagram.
1
In so doing, we proceed from the assumption that crys tallizing olivine does not interact with the coexisting melt. When the metastable continuations of the liquidus curve and binodal intersect (Fig. 7, point A) or when the liquidus curves intersect the spidodal (Fig. 7, point B) , the melt starts to break down into two immiscible liq uids, one of which is enriched and the other is depleted in silica. Further cooling is associated with a systematic change in the bulk composition of the melt along the liquidus curve, with metastable olivine crystallization continuing in the melt that undergoes liquid immisci bility. The metastable olivine crystallization in the melt terminates at point C at Т Gl , which is the vitrification temperature of the melt that has exsolved into two liq uids of the composition D and E. The BCD region of the metastable diagram is characterized by the coexistence of olivine and two liquids. Chemical analyses of spher ule bn3 3 40 (Table 1 ) allowed us to plot the bulk com positions of the spherule (I) and glass (II) in the phase diagram of the olivine-SiO 2 system (Fig. 7) . The point of the experimentally determined composition of the glass at the temperature Т Gl plots within the liquid immiscibility field (Fig. 7, point C) . The occurrence of SiO 2 in the form of isolated nanometer sized globules in the glass of the spherules corresponds to the morphol ogy typical of the metastable transformation according to spinodal but not binodal decomposition (Galakhov, 1964; Andreev et al., 1974) . This means that the onset of chemical exsolution of the residual melt during its solidification is determined by point B of the intersec tion of the metastable continuation of the liquidus curve and spinodal. In the phase diagram, the spinodal curve has a region of metastable liquid immiscibility. At quenching, the onset of liquid immiscibility is realized according to a spinodal but not binodal mechanism, because the activation energy of spinodal transforma tion is lower and this process has a higher rate.
The nanomineralogy, structural features, and local chemistry of the glass in the cryptocrystalline spherules thus reflect unequilibrated solidification of olivinepyroxene mineralogical precursors of the spherules that were melted in the Earth's atmosphere.
Origin of FeNi Metal in the Cryptocrystalline Spherules
According to (Taylor et al., 2000) , 32% of the cryp tocrystalline spherules contain FeNi or FeS droplets. Each of the spherules usually hosts a single metal drop let, which is spherical and occurs not at the center of the spherule but closer to its surface, being displaced there by inertia when the melted micrometeoroid passed through the Earth's atmosphere (Brownlee et al., 1984; Genge and Grady, 1998) . Moving of the metallic drop let toward a surface in the spherule was associated with the partial (Fig. 2a) or complete metal removal from the spherule, which then left a pit on the surface of the spherule (Fig. 2b) . Six of our fourteen cryptocrystalline spherules from Novaya Zemlya bear hemispherical pits on their surfaces (Fig. 2a) , one of the spherules contains a partly preserved FeNi droplet on, and seven spherules do not posses either pits or metal at all.
The FeNi metal droplets in the spherules can be of primary (cosmic) origin, thus testifying that FeNi was contained in the precursor material. However, the FeNi droplets might also be of secondary nature and be pro duced in the spherules via the reduction of these ele ments in silicates when the micrometeoroid flew through the upper rarefied atmospheric layers of the Earth (Brownlee et al., 1997; Taylor et al., 2005) . This hypothesis is underlain by the fact that the cryptocrys talline and barred spherules have the same Mg/Si ≈ 1, but the material of the former often hosts metal droplets and is richer in Fe than that of the barred spherules, which typically bear no metal. Hypothesizing that the material of both the cryptocrystalline and the barred spherules originated from the same source, some researchers (Brownlee et al., 1984 (Brownlee et al., , 1997 Taylor et al., 2005) argue that the relative Fe depletion of the silicate constituent of the cryptocrystalline spherules and the origin of metal in them can be explained by Fe 2+ (and Ni
2+
) removal from the silicate melt by reduction reac tions. The possible metal forming reactions were sug gested to be reduction with carbon in the form of graph ite FeO + C = Fe 0 + CO↑, impact S vaporization FeS = Fe 0 + S↑, and pyrolysis of the carbonaceous matter of chondrites (Brownlee et al., 1984 (Brownlee et al., , 1997 Tay lor et al., 2005) .
Our data rule out a secondary nature of FeNi metal in spherule T3 2 and argue for pristine, i.e., cosmic, origin of FeNi droplets in the cryptocrystalline cosmic spherules. The origin of the FeNi droplets via reduction of oxides is in contradiction with the fact that the glasses of the spherules host chromite (Fig. 4) , which suggests that Cr occurred in the melt in the form of Cr
3+
. The Fe 2+ → Fe 0 and Ni 2+ → Ni 0 reactions of oxide reduction can proceed at log fO 2 ≤ IW (Berry and O'Neil, 2004) , whereas Cr 3+ can occur in melt at an oxygen fugacity of IW + 5 > log fO 2 > IW (Berry et al., 2004) . It is also worth mentioning that the chemical composition of the silicate constituent of spherule T3 2, which con tains a metal droplet, is closely similar to that of spher ule bn3 3 40, which does not contain metal and shows no evidence that the metal droplet could have been lost when passing through the atmosphere. Had the metals been reduced from oxides originally contained in the silicate melt, the bulk compositions of these spherules would have contained remarkably different Fe concen trations in the silicate material: the silicate material of spherule T3 2 would have been poorer in Fe than that of spherule bn3 3 40. A convincing argument in favor of a pristine nature of the metal is furnished by the occur rence of troilite-schreibersite globules in the FeNi metal droplet in spherule T3 2 (Fig. 6) . Schreibersite (Fe, Ni) 3 P and troilite FeS are typical cosmic minerals of inclusions in FeNi metal of iron meteorites, but they cannot be formed as inclusions in metal during the reduction of Fe and Ni oxides in silicate melt.
Transformations of the Precursor Material
upon Its Atmospheric Entry The arguments presented above led us to conclude that that material of the precursors of the cryptocrystal line spherules has not undergo transformation in the Earth's atmosphere that were associated with the reduction of Fe (and Ni) to their metallic state. Indica tors of conditions ruling out the reduction reactions Fe 2+ → Fe 0 and Ni 2+ → Ni 0 in the melt are chromite contained in the glass (Fig. 4) and troilite-schreibersite inclusions in the FeNi metal (Fig. 6 ).
Troilite-schreibersite globules in a droplet of FeNi metal in spherule T3 2 suggest not only that the FeNi metal is of pristine nature but also that neither S nor P vaporized in the course of precursor melting. Corre spondingly, we also rule out and possibility that less vol atile elements (Fe, Si, and Mg) could then vaporize. This is consistent with conclusions derived from the oxygen isotopic composition of the porphyritic and barred spherules (Yada et al., 2005; Engrand et al., 1998) . According to these authors, variations in the oxygen isotopic composition of the spherules reflect the variations in the oxygen isotopic composition of the precursors and did not result from oxygen vaporization in the Earth's atmosphere.
It is worth mentioning that the conclusion that oxy gen did not vaporize is consistent with the above con clusion that neither iron nor nickel were reduced from their oxides to metals in the course of atmospheric melting. The conclusion that neither sulfur for phos phorus are vaporized is, in turn, consistent with the conclusion that the FeNi metal of the spherules could not been produced by the reduction of sulfides to metal lic Fe 0 and Ni 0 .
The aforementioned data and arguments based on them led us to conclude that the material of the precur sors of the cryptocrystalline spherules has not been modified in the Earth's atmosphere, and the chemical composition of the spherules thus corresponds to the chemical composition of their solid precursors.
Correlations between the Material of the Spherules and Types of Chondritic Material
It is currently believed that the solid precursors of the cosmic spherules (micrometeoroids) were produced by the disintegration of the rocks of asteroidal or cometary bodies during their collisions in space. The sizes of both remelted and unremelted micrometeorites (CS) are tens to hundreds of micrometers. The bulk composition of such small particles obviously cannot be representa tive enough to be compared with the bulk composition of coarse crystalline differentiated material of the par ent bodies, such as achondrites. The presence of achon dritic material (the coarse crystalline fabric of the pre cursor) can explain the variations in the CS (melting products of micrometeorites) in terms of Mg, Fe, and Si concentrations in the Fo-Fa-Fs-En compositional field. At the same time, most silicate CS posses Mg/Si atomic ratios close to one, which corresponds to the "solar composition" of the most primitive (undifferen tiated) material of the Solar System. Representative fragments of the primitive material produced very early during the origin of the Solar System are carbonaceous chondrites, which consist of a fine grained matrix (which is dominated by phyllosilicates, first of all, ser pentine and other components) and chondrules (which have a mostly olivine composition and are up to a few millimeters in diameter). The chemical compositions of chondrules and matrixes are complementary (Hewins et al., 2012; Palme et al., 2015) , and the regions of the bulk compositions of carbonaceous chondrites in the Mg-Fe-Si ternary diagram plot around the line of an atomic ratio Mg/Si = 1 (Fig. 8a) . Currently available extensive data show that hydrous interplanetary dust particles (IDPs) and fine grained unmelted microme teorites show mineralogical and chemical similarities with the fine grained matrix of carbonaceous chon drites (Kurat et al., 1994; Genge et al., 1997) . Cosmic spherules whose precursor was the fine crystalline material of carbonaceous chondrites should also largely retain chemical features of the material of carbon aceous chondrites with an atomic ratio Mg/Si ≈ 1. Indeed, the composition field of barred spherules over laps the field of carbonaceous chondrites (Fig. 8a) and defines a clearly pronounced trend with Mg/Si ≈ 1 in the Mg-Fe-Si diagram at Fe/Mg varying from 1.0 to 0.25. Data on oxygen isotopic fractionation make it possible to parallel the material of BO spherules with various types of carbonaceous chondrites (Yada et al., 2005; Clayton et al., 1986; Taylor et al., 2005; Engrand et al., 1998) .
However, the bulk composition of the cryptocrystal line spherules has Fe/Mg ≤ 0.25 and plots outside the bulk composition field of carbonaceous chondrites (Fig. 8a) . The bulk compositions of spherules T3 2 and bn3 3 40 do not correspond to either the bulk compo sition of the matrix or that of chondrules of carbon aceous chondrites. At the same time, the bulk composi tions of cryptocrystalline spherules T3 2 and bn3 3 40 are closely similar to the bulk compositions of chon drules of the Smarkona LL3.0 ordinary chondrite (Fig. 8b) . According to the currently adopted chemical systematics of chondrules (Jones, 1990; Lauretta et al., 2006) , chondrules in the Smarkona are classed with Fe rich chondrules of type IIA. Analogies between the bulk composition of olivine-pyroxene chondrules in mete orites and several cosmic spherules of various microstr tuctural types were emphasized in some earlier publica tions (Taylor et al., 2005; Engrand et al., 1998) . Our data on the analogy between the chemical composition of the chondrules of ordinary chondrites and cryptoc rystalline cosmic spherules collected in widely spaced areas (Novaya Zemlya and the basin of the Tunguska River) led us to suggest that individual chondrules could be typical enough solid precursors of cosmic spherules. 
